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Summary
Introduction:  After  multiple-ligament  injuries  and  dislocations  of  the  knee,  clinical  assessment
of the  soft  tissues  is  difﬁcult  and  MRI  is  generally  performed.
Hypothesis:  MRI  is  a  reliable  examination,  providing  a  precise  and  reproducible  assessment  ofinjuries;
MRI;
Reproducibility
soft-tissue lesions  after  multiple-ligament  injuries  or  dislocations  of  the  knee.
Materials and  methods:  Forty  patients  presenting  multiple-ligament  lesions  of  the  knee  were
included  in  this  multicenter  prospective  study.  All  had  an  MRI  of  the  knee  in  the  48  h  fol-
lowing their  accident.  Thirty-four  patients  were  treated  surgically.  A  17-item  standardized
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interpretation  guide  was  created.  Intraobserver  reproducibility  was  assessed  by  comparing  the
interpretations  of  ﬁve  surgeons  at  two  different  times  3  weeks  apart.  Interobserver  repro-
ducibility  was  evaluated  by  comparing  the  results  of  the  interpretations  of  40  MRIs  performed
by three  pairs  of  surgeons.  The  relevance  of  the  MRI  interpretations  was  determined  by  com-
paring the  results  of  the  surgeons  to  those  of  a  radiologist  and  with  the  data  from  the  surgical
reports.
Results: The  overall  intraobserver  and  interobserver  agreement  was  low.  Comparing  the  sur-
geon’s results  with  the  radiologist’s  results  and  the  surgical  data,  the  agreement  was  low.
Discussion: After  multiple-ligament  injuries  and  dislocations  of  the  knee,  a  precise  diagnosis
is necessary.  This  study  provides  an  isolated  demonstration  of  the  lack  of  precision  and  repro-
ducibility of  MRI  interpretations  for  the  diagnosis  of  the  lesion’s  topography.  MRI  should  be
integrated  into  a  complete  assessment  with  a  precise  clinical  exam  and  stress  X-rays.
Level of  evidence:  Level  IV,  prospective  case—control  study.
r  Masson  SAS.
I
M
a
t
l
i
a
d
p
t
m
p
e
a
i
t
d
l
M
M
W
t
t
o
O
7
i
c
i
4
c
l
t
a
i
u
c
Table  1  Epidemiological  data.
Sex  ratio  (male/female) 34/6
Side  (right/left) 14/26
Mean  age  (years) 36.6  ±  12.7  (range,  16—64)
Mean body  mass  index  (BMI) 26  ±  6  (range,  19—49)
Patients  with  BMI  >  25 43.6%
Open  dislocation 1  (2.5%)
Initial  nerve  lesion  6  (15%)
Initial  vascular  lesion  3  (7.5%)
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and  0.6,  good  between  0.6  and  0.8,  and  very  good  above
0.8.
The  intraobserver  study  compared  the  results  of  the  two© 2013  Published  by  Elsevie
ntroduction
ultiple-ligament  injuries  and  dislocations  of  the  knee
re  rare  and  their  management  difﬁcult  [1,2]  because  of
he  associated  ligamentous,  neurological  [3],  and  vascular
esions  [4].  A  precise  diagnosis  of  tissue  and  ligament  lesions
s  essential  to  planning  treatment.  The  clinical  examination
s  well  as  the  standard  and  stress  X-rays  help  make  the
iagnosis,  but  magnetic  resonance  imaging  (MRI)  is  usually
erformed.  The  objective  of  MRI  is  to  provide  a  positive  and
opographically  precise  diagnosis  [5—21]  of  the  capsuloliga-
entous,  meniscal,  and  cartilaginous  lesions  and  to  orient
atient  management  by  showing  lesions  that  neither  clinical
xamination  or  X-rays  can  demonstrate.
The  objective  of  this  study  was  to  assess  the  relevance
nd  reproducibility  of  intra-  and  interobserver  reproducibil-
ty  of  MRI  in  the  lesional  and  topographical  diagnosis  during
he  original  assessment  after  dislocation  of  the  knee.
We  hypothesized  that  MRI  provided  a  precise  and  repro-
ucible  diagnosis  of  the  soft-tissue  lesions,  specifying  the
ocation  and  type  of  lesion  so  as  to  orient  surgical  treatment.
aterial and methods
aterial
ithin  a  national  prospective  study  on  the  emergency
reatment  of  multiple-ligament  lesions  and  dislocations  of
he  knee  conducted  by  the  Société  franc¸aise  de  chirurgie
rthopédique  et  de  traumatologie  (French  Society  of
rthopaedic  Surgery  and  Traumatology)  in  2008,  more  than
0  patients  from  12  traumatology  and  orthopaedic  centers
n  France  were  included  [1—4].  The  patients  underwent  a
linical  examination  under  general  anesthetia,  stress  X-ray
maging,  and  an  MRI  of  the  knee.  Of  these  70  patients,
0  ﬁles  were  included.  To  be  included,  the  ﬁles  had  to
ontain  a  complete  clinical  examination  following  preestab-
ished  criteria,  stress  X-rays,  a  detailed  surgical  report  for
hose  undergoing  surgery,  and  an  MRI  on  a  CD  with  T1-
nd  T2-weighted  sequences  with  and  without  gadolinium
n  the  three  spatial  planes  (Table  1).  Of  these  patients,  34
nderwent  surgery  and  the  intraoperative  observations  were
ollected  on  the  same  grid  as  for  the  MRI  interpretation.
i
t
tAssociated  knee  fracture  7  (17.5%)
ethod
he  study  included  two  single-blinded  interpretation  ses-
ions  of  the  40  MRIs.  The  orthopaedic  surgeons  had  no
nowledge  of  the  clinical  exam  data,  the  surgical  observa-
ions,  or  the  MRI  analysis  by  the  team  that  had  treated  the
atient.  Each  MRI  was  interpreted  based  on  the  CD  images
n  a  personal  computer.  Eleven  surgeons  participated  in  the
tudy.  Five  surgeons  with  variable  experience  (one  resident,
hree  senior  surgeons,  and  one  clinical  fellow)  participated
n  the  intraobserver  study.  They  individually  interpreted  the
0  MRIs  in  a  random  order  on  two  occasions  3  weeks  apart.
ix  other  surgeons  distributed  into  three  pairs,  each  com-
osed  of  a senior  surgeon  and  a  clinical  fellow,  were  included
n  the  interobserver  study.  They  interpreted  the  40  MRIs  in
airs  during  a  single  session;  the  objective  was  that  each  pair
rrive  at  a  consensus.  A  radiologist  specialized  in  osteoarti-
ular  imaging  also  interpreted  these  MRIs  individually  during
 single  session.
The  data  were  noted  on  a  form  for  automatic  processing
ith  Data  Scan  software  (Neoptec,  Montpellier,  France)  and
hen  transferred  to  an  Excel  ﬁle  (Microsoft  Corporation,  Red-
ond,  WA,  USA).  Agreement  was  measured  using  the  Kappa
oefﬁcient:  agreement  was  poor  when  Kappa  was  less  than
.2,  low  when  between  0.2  and  0.4,  moderate  between  0.4nterpretations  of  the  40  patients  by  the  same  surgeon  and
he  interobserver  study  compared  the  results  between  the
hree  pairs  of  these  40  medical  ﬁles.  Their  interpretations
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Table  2  Intraobserver  reproducibility:  detailed  level  based  on  40  patient  ﬁles  (Kappa  coefﬁcient).
Surgeon
1  2  3  4  5
Anterior  cruciate  ligament 0.239  0.450 0.470  0.473 0.356
Posterior cruciate  ligament  0.445  0.464  0.388  0.307  0.253
Medial collateral  ligament  0.500  0.697  0.208  0.477  0.371
Lateral collateral  ligament  0.207  0.341  0.220  0.401  0.452
Iliotibial band  0.368  0.323  0.239  0.500  0.589
Medial patellofemoral  ligament  0.123  0.452  0.168  0.399  0.344
Quadriceps tendon  NE  0  NE  0  1
Patellar tendon —0.017  0  —0.034  0.372  0.544
Biceps femoris  tendon 0.034  0.229 —0.054  0.446  0.409
Hamstring tendons  —0.084  —0.039  —0.069  0  0.168
Superior tibioﬁbular  ligament  —0.090  0  0.149  0.287  0.203
Popliteus muscle  0.055  0.525  0.174  0.400  0.022
Posteromedial  capsule  0.056  0.118  0.023  0.292  0
Posterolateral  capsule 0.071  0.198  0.092  0.228  0
All ligaments  combined  0.485  0.713  0.272  0.685  0.440
Medial meniscus 0.128  0.486 0.067  0.282  0.438
Lateral meniscus 0.195  0.579  0.120  0.097  0.206
Total 0.312  0.511  0.325  0.352  0.364
n 5: 
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tSurgeon 1: resident; surgeons 2, 3, and 4: senior surgeons; surgeo
were  compared  to  the  radiologist’s  results  and  the  clinical
data.  Three  levels  of  MRI  analysis  were  used:
•  detailed  level:  the  anterior  and  posterior  cruciate  lig-
aments,  the  medial  and  lateral  collateral  ligaments,
the  iliotibial  band,  the  medial  patellofemoral  ligament,
the  quadriceps  tendon,  the  patellar  tendon,  the  biceps
femoris  tendon,  the  hamstring  tendons,  and  the  superior
tibioﬁbular  ligament,  with  eight  types  of  lesion  (nor-
mal;  continuous  but  inﬁltrated,  femoral  avulsion,  tibial
avulsion;  partial  tear;  complete  tear  but  in  continuity;
complete  tear  with  gap;  not  interpretable).  The  popliteus
muscle,  the  posteromedial  corner,  and  the  posterolateral
corner  were  described  in  three  types  of  lesion  (proximal
avulsion,  distal  avulsion,  not  interpretable).  The  meniscal
lesions  were  described  as  present  or  absent;
•  simpliﬁed  level:  with  three  types  of  lesion  possible:
intact,  complete  tear,  partial  tear;
•  binary  level:  with  two  types  of  lesion  (torn  or  normal).
The  agreement  between  the  radiologist’s  and  surgeons’
MRI  interpretation  and  the  surgical  data  was  studied  in  34
operated  patients’  ﬁles  using  the  binary  level.
Results
Intraobserver  agreement  of  the  interpretation  of  the  40  ﬁles
with  a  detailed  level  of  analysis  (Table  2)  was  low  for  the
ligament  lesions  for  surgeons  1,  3,  4,  and  5  and  moder-
ate  for  surgeon  2.  For  the  meniscus  lesions,  intraobserver
agreement  was  poor  or  moderate.  The  surgeon’s  experience
did  not  inﬂuence  the  results,  as  shown  by  the  low  vari-
ability  of  the  mean  Kappa  coefﬁcients  between  surgeons.
t
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ifellow; NE: not evaluated.
ntraobserver  agreement  was  improved  with  the  simpliﬁed
nd  binary  levels  of  analysis  (Table  3)  but  was  also  moderate.
he  agreement  between  the  MRI  interpretations  by  the  sur-
eons  in  the  intraobserver  study  and  the  surgical  data  of  the
4  patients  operated  (Table  4)  was  low.  Finally,  there  was
o  improvement  in  the  agreement  with  the  surgical  obser-
ations  between  the  ﬁrst  and  second  readings  (Table  4).
The  interobserver  agreement  with  the  detailed  level  of
nalysis  (Table  5)  was  low  or  poor.  With  the  simpliﬁed  and
inary  levels  of  analysis,  the  interobserver  agreement  was
mproved  to  moderate  (Table  6).  The  agreement  between
he  MRI  interpretations  by  the  pairs  or  surgeons  and  the  sur-
ical  data  of  the  34  patients  operated  (Table  4) was  low  or
oor.
With  the  binary  level  of  discernment,  the  agreement
etween  the  radiologist’s  and  the  surgeons’  results  for  the
wo  studies  was  low  and  the  agreement  between  the  results
f  the  MRI  readings  by  the  radiologist  with  the  surgical  data
as  low  (Table  7).
iscussion
he  objective  of  this  study  was  to  evaluate  the  preci-
ion  and  reproducibility  of  the  interpretation  of  MRIs  after
ultiple-ligament  injury  or  dislocation  of  the  knee.  MRI
hould  provide  the  clinician  with  a  tool  to  diagnose  the
esion  and  describe  the  topography  of  capsuloligamentous
nd  meniscal  lesions  so  as  to  adapt  the  treatment,  both  in
erms  of  the  indication  for  either  surgical  or  orthopaedic
reatment  and  the  approach  and  medical  acts  necessary
1,3,4].  Patient  questioning,  clinical  examination,  and  the
tandard  and  stress  X-rays  all  contribute  to  understand-
ng  the  lesional  mechanism  and  to  deducing  the  structures
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Table  3  Intraobserver  reproducibility:  simpliﬁed  and  binary  level  based  on  40  ﬁles  (Kappa  coefﬁcient).
Surgeon
1  2  3  4  5
Simpliﬁeda Binarya Simpliﬁeda Binarya Simpliﬁeda Binarya Simpliﬁeda Binarya Simpliﬁeda Simpliﬁeda
Anterior  cruciate  ligament  0.428  NE  0.360  NE  0.543  NE  NE  NE  0.304  NE
Posterior cruciate  ligament  0.362  NE  0.500  NE  0.312  NE  —0.040  NE  0.245  NE
Medial collateral  ligament  0.572  0.641  0.638  0.659  0.162  0.241  0.372  0.543  0.290  0.586
Lateral collateral  ligament  0.223  0.246  0.427  0.825  0.259  0.319  0.400  0  0.490  0.673
Iliotibial band  0.454  0.513  0.524  0.800  0.374  0.455  0.538  0.628  0.589  0.925
Medial patellofemoral  ligament  0.291  0.111  0.515  0.693  0.066  —0.107  0.461  0.371  0.263  0.433
Patellar tendon  —0.026  —0.026  NE  NE  —0.034  —0.034  0.362  0.620  0.531  0.908
Biceps femoris  tendon  0.179  0.098  0.461  0.525  0.462  0.462  0.553  0.620  0.656  0.908
Hamstring tendons  —0.065  —0.089  0  0  —0.029  —0.054  NE  NE  —0.037  -0.077
Superior tibioﬁbular  ligament  NE  NE  NE  NE  NE  NE  0.310  —0.069  0.413  0.727
NE: not evaluated.
a Level of interpretation.
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Table  4  Agreement  between  MRI  readings  by  surgeons  versus  surgical  data  based  on  34  operated  patient  ﬁles  (Kappa
coefﬁcient).
Surgeon
Surgeon  1  Surgeon  2  Surgeon  3  Surgeon  4  Surgeon  5  Pair  1  Pair  2  Pair  3
1st  reading  0.153  0.317  0.340  0.247  0.268  0.230  0.343  0.334
2nd reading  0.148  0.273  0.315  0.194  0.261
Table  5  Interobserver  reproducibility:  detailed  level  based  on  40  ﬁles  (Kappa  coefﬁcient).
Surgeons
Pair  1  vs  2  Pair  1  vs  3  Pair  2  vs  3  Means  of  3  pairs
Anterior  cruciate  ligament 0.163  0.026  0.477  0.222
Posterior cruciate  ligament 0.011  0.091  0.230  0.111
Medial collateral  ligament 0.305  0.412  0.336  0.351
Lateral collateral  ligament 0.342  0.424  0.426  0.397
Iliotibial band 0.514  0.697  0.717  0.643
Medial patellofemoral  ligament 0.049  0.197  0  0.082
Quadriceps  tendon NE  NE  NE  NE
Patellar tendon 0  NE  0  0
Biceps femoris  tendon 0.377  0.296  0.518  0.397
Hamstring tendons  —0.016  NE  NE  NE
Superior tibioﬁbular  ligament  NE  0.471  NE  NE
Popliteus muscle  0.692  0.459  0.815  0.655
Posteromedial  capsule  NE  —0.039  NE  NE
Posterolateral  capsule  NE  —0.034  NE  NE
All ligaments  combined  0.380  0.412  0.513  0.435
Medial meniscus  0.096  0.141  0.188  0.142
Lateral meniscus  0.384  0.489  0.376  0.416
Total 0.265  0.315  0.273  0.275
NE: not evaluated.
Table  6  Interobserver  reproducibility:  simpliﬁed  and  binary  levels  (Kappa  coefﬁcient).
Surgeons
Pair  1  vs  2  Pair  1  vs  3  Pair  2  vs  3  Means  of  3  pairs
Simpliﬁeda Binarya Simpliﬁeda Binarya Simpliﬁeda Binarya Simpliﬁeda Binarya
Anterior  cruciate  ligament  0.078  NE  —0.024  NE  —0.066  NE  —0.004  NE
Posterior cruciate  ligament  0.009  0  —0.015  NE  0.274  0  0.089  0
Medial collateral  ligament  0.341  0.549  0.403  0.624  0.303  0.549  0.349  0.574
Lateral collateral  ligament  0.311  0.556  0.412  0.475  0.433  0.547  0.385  0.526
Iliotibial band  0.514  0.629  0.697  0.688  0.717  1  0.643  0.772
Medial patellofemoral  ligament  0.046  0.064  0.363  0.470  0  0  0.136  0.178
Patellar tendon  0  0  NE  NE  0  0  0  0
Biceps femoris  tendon  0.459  0.530  0.367  0.427  0.504  0.664  0.443  0.540
Hamstring tendons  —0.033  —0.033  NE  NE  NE  NE  NE  NE
Superior tibioﬁbular  ligament  NE  NE  0.471  1  NE  NE  NE  NE
NE: not evaluated.
a Interpretation level.
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Table  7  Agreement  between  the  results  of  the  MRI  read-
ings by  the  radiologist  and  the  results  from  the  surgeons  and
compared  to  the  intraoperative  data  with  binary  level  of
discernment.
1st  reading  2nd  reading
Radiologist  vs  surgeon  1  0.220  0.251
Radiologist  vs  surgeon  2  0.363  0.341
Radiologist  vs  surgeon  3  0.230  0.289
Radiologist  vs  surgeon  4  0.288  0.322
Radiologist  vs  surgeon  5  0.274  0.357
Radiologist  vs  Pair  1 0.235
Radiologist  vs  Pair  2 0.332
Radiologist  vs  Pair  3 0.353
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nvolved  [2],  but  precise  visualization  of  the  lesions  requires
he  addition  of  MRI.
Currently,  the  precision  of  MRI  diagnosis  concerning
ingle-ligament  lesions  of  the  knee  raises  little  debate
17—20].  However,  in  multiple-ligament  lesions  of  the  knee,
he  MRI  results  are  controversial.  The  present  results  show
ntraobserver  agreement  to  be  low  when  the  level  of  anal-
sis  is  detailed.  This  study  is  the  only  one  in  the  literature
o  compare  surgical  data  to  MRI  readings  by  surgeons  and
o  assess  intra-  and  interobserver  reproducibility.  In  the
ntraobserver  study,  the  3-week  interval  between  two  inter-
retations  was  chosen  to  be  sufﬁciently  long  so  that  the
bservers  would  not  remember  the  results  and  short  enough
o  that  the  analysis  conditions  would  be  identical  and  the
xpertise  of  the  readers  would  not  have  progressed.  We
howed  that  the  results  are  independent  of  the  surgeons’
xperience.
Interobserver  agreement  was  also  low.  To  limit  the  read-
ng  bias  related  to  the  surgeons’  experience,  the  images
ere  interpreted  by  the  surgeons  in  pairs,  associating  expe-
ienced  and  less  experienced  surgeons.  This  was  closer  to
ctual  clinical  situations.  The  explanation  for  this  low  inter-
bserver  agreement  was  that  either  each  pair  interpreted
he  same  form  differently  or  that  the  pair  interpreted  the
ame  MRI  lesion  differently.  In  addition,  the  agreement
etween  the  interpretations  of  the  11  surgeons,  those  of
he  radiologist,  and  the  surgical  observations  was  low,  and
he  radiologist  did  not  obtain  the  best  results.
MRI  therefore  remains  an  imperfect  technique  to  assess
oft-tissue  lesions  of  the  knee  after  multiple-ligament
njury.  However,  the  MRI  interpretation  has  greater  repro-
ucibility  when  the  analysis  level  is  low:  MRI  can  thus
iagnose,  with  good  reproducibility,  whether  or  not  the
igament  is  torn  but  cannot  reliably  describe  the  type  of
nvolvement.  The  studies  reported  in  the  literature  investi-
ating  the  sensitivity  and  speciﬁcity  of  MRI  using  a  simpler
evel  of  analysis  had  better  results.  In  a  retrospective  study
n  21  cases  comparing  surgical  data  and  MRI  after  knee  dis-
ocation,  Potter  et  al.  [16]  showed  an  excellent  correlation
Kappa  >  0.8)  for  the  size  and  location  of  the  lesions.  For  Lon-
er  et  al.  [21],  in  a  retrospective  study  of  ten  cases,  MRI  was
seful  to  determine  the  presence  of  ligament  lesions  in  knee
islocations,  but  the  clinical  examination  under  anesthesia
as  more  precise.  For  Munshi  et  al.  [6], in  a  prospectiveO.  Barbier  et  al.
ouble-blind  study  comparing  MRI  data  with  arthroscopy
ata,  the  sensitivity  and  speciﬁcity  of  MRI  in  acute  knee
njuries  were,  respectively,  90%  and  67%  in  detecting  ACL
ear,  50%  and  86%  in  detecting  medial  meniscal  lesions,  and
8%  and  73%  for  the  lateral  meniscus.  In  a  retrospective
tudy  of  44  cases,  Halinen  et  al.  [7]  had  equivalent  results.  In
 prospective  study  on  multiple-ligament  lesions  conducted
y  Rubin  et  al.  [8],  MRI  speciﬁcity  and  sensitivity  for  the
iagnosis  of  ligament  and  meniscus  tears  was  lower.  The
lace  of  MRI  in  the  positive  diagnosis  of  a  ligament  tear  is
herefore  correct  but  its  contribution  to  precisely  describing
he  location  and  type  of  lesion  (complete  tear,  dilaceration)
nd  therefore  guide  treatment  is  debatable.  Several  authors
6,15]  have  concluded  that  MRI  lacks  sensitivity  and  speci-
city  for  surgical  planning  and  guiding  the  surgery.  Finally,
lthough  certain  structures  seem  more  reproducible  in  their
nalysis  such  as  the  anterior  and  posterior  cruciate  liga-
ents  and  the  meniscus,  involvement  of  structures  such  as
he  posterolateral  corner  is  more  difﬁcult  to  analyze.
In  conclusion,  this  study  underscores  the  lack  of  repro-
ucibility  of  MRI  interpretation.  It  is  essential  that  MRI  be
ntegrated  into  a  complete  assessment  associating  clini-
al  examination  and  stress  X-rays  because  only  a  complete
orkup  can  provide  a  precise  evaluation  of  the  lesions  and
heir  location  and  thus  guide  treatment.
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